Ischaemia induced alternans of action potential duration in the intact-heart: dependence on coronary flow, preload and cycle length.
Clinical and experimental evidence relate action potential duration (APD) alternans to ischaemic heart disease and ventricular arrhythmias. The present investigation was performed to study the quantitative relationship between APD alternans and the degree of ischaemia, loading conditions and cycle length (CL) in an intact heart. Monophasic action potentials (MAP) were simultaneously recorded by contact electrodes from two left (LV) and one right ventricular (RV) sites in 20 Langendorff-perfused rabbit hearts. The preparations were subjected to global ischaemia at flow rates ranging from 40% of normal flow to complete cessation of flow. Pacing was performed at either constant or regularly changing CL. The magnitude of APD alternans was expressed as beat-to-beat differences in action potential duration of two consecutive MAPs. During normal perfusion, neither very fast pacing at a CL of 200 ms nor periodical rate switches resulted in persistent APD alternans. Pacing at a constant CL of 800 ms did not induce APD alternans at complete cessation of flow for 6 min. However, alternans developed progressively at a constant CL of 400 ms after 2.8 +/- 0.3 min of complete ischaemia at the pre-loaded LV, and after 4.6 +/- 0.4 min at the unloaded RV (P < 0.01). The reduction of preload at the LV from 15 to 5 mmHg end-diastolic pressure delayed development of APD alternans from 2.8 +/- 03 min to 4.3 +/- 0.4 min (P < 0.05) at 400 ms CL. Following graded underperfusion of 40%, 20% and 10% of initial flow, persistent APD alternans developed in relation to the degree of flow reduction and increased progressively with duration of ischaemia. APD alternans at the LV always preceded the onset of APD alternans at the RV. In experiments with identical flow rates the shortest CL of 200 ms resulted in the greatest and earliest initiation of APD alternans compared to the longer CL (P < 0.01, P < 0.001). An increase in CL from 400 to 800 ms immediately abolished APD alternans, generated by the shorter CL, at any time during the 6 min period of complete ischaemia. Similarly, increasing the cycle length from 200 or 400 to 600 ms eliminated APD alternans up to 6 min of ischaemia and significantly reduced its magnitude between 7 and 10 min within a few beats. We conclude that persistent APD alternans is a characteristic findings in the rabbit heart during global ischaemia4 It is a sensitive parameter of the severity of ischaemia and depends.(ABSTRACT TRUNCATED AT 400 WORDS)